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Abstract The purpose was to evaluate the outcome fol-
lowing the surgical management of a consecutive series
of 26 adult patients with laryngotracheal stenosis of
varied etiologies in a tertiary care center. Of the 83 pa-
tients who underwent surgery for laryngotracheal ste-
nosis in the Department of Otorhinolaryngology and
Head and Neck Surgery, University Hospital of Lau-
sanne, Switzerland, between 1995 and 2003, 26 patients
were adults (‡16 years) and formed the group that was
the focus of this study. The stenosis involved the trachea
(20), subglottis (1), subglottis and trachea (2), glottis and
subglottis (1) and glottis, subglottis and trachea (2). The
etiology of the stenosis was post-intubation injury (n
=20), inﬁltration of the trachea by thyroid tumor (n
=3), seeding from a laryngeal tumor at the site of the
tracheostoma (n =1), idiopathic progressive subglottic
stenosis (n =1) and external laryngeal trauma (n =1).
Of the patients, 20 underwent tracheal resection and
end-to-end anastomosis, and 5 patients had partial
cricotracheal resection and thyrotracheal anastomosis.
The length of resection varied from 1.5 to 6 cm, with a
median length of 3.4 cm. Eighteen patients were extu-
bated in the operating room, and six patients were ex-
tubated during a period of 12 to 72 h after surgery. Two
patients were decannulated at 12 and 18 months,
respectively. One patient, who developed anastomotic
dehiscence 10 days after surgery, underwent revision
surgery with a good outcome. On long-term outcome
assessment, 15 patients achieved excellent results, 7 pa-
tients had a good result and 4 patients died of causes
unrelated to surgery (mean follow-up period of
3.6 years). No patient showed evidence of restenosis.
The excellent functional results of cricotracheal/tracheal
resection and primary anastomosis in this series conﬁrm
the eﬃcacy and reliability of this approach towards the
management of laryngotracheal stenosis of varied eti-
ologies. Similar to data in the literature, post-intubation
injury was the leading cause of stenosis in our series. A
resection length of up to 6 cm with laryngeal release
procedures (when necessary) was found to be technically
feasible.
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Introduction
In the majority of patients, acquired stenosis of the sub-
glottis and trachea is due to prolonged intubation and
tracheostomy. This can be attributed to the increasing use
of mechanical ventilation in the intensive care units with
or without tracheostomy. In the otolaryngologic com-
munity, the traditional treatment of laryngotracheal ste-
nosis (LTS) has been laryngoﬁssure and laryngotracheal
reconstruction (LTR). However, the results with these
approaches have not often been favorable in many cases
[23]. For tracheal stenosis, tracheal resection and anas-
tomosis is now accepted as the procedure of choice with
excellent results reported in many large series in the lit-
erature [8, 16]. However, when the subglottis is also in-
volved, the surgical management becomes technically
more diﬃcult. Pearson [33] reported the technique of
partial cricoid cartilage resection with primary thyro-
tracheal anastomosis with preservation of the recurrent
laryngeal nerves in 1975, after which this procedure of
partial cricotracheal resection (PCTR) also became the
treatment of choice for the cure of subglottic stenosis
resulting from prolonged intubation or trauma. The
similarities and diﬀerences of PCTR in the adult and
pediatric groups have been described earlier by the senior
author [27]. In the present study, we report our experience
and outcome following the surgical management of 26
adult patients with LTS of varied etiologies.
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Materials and methods
Patients
From January 1995 to December 2003, 83 laryngotrac-
heal stenoses were treated in the Department of Otorhi-
nolaryngology and Head and Neck Surgery, University
Hospital of Lausanne, Switzerland. Fifty-seven PCTRs
were done in infants and children and 26 PCTRs or tra-
cheal resections in adults. This report focuses on all the
adult cases (‡16 years). Data were retrospectively col-
lected from hospital inpatient charts and outpatient clinic
records. The latest follow-up information was assessed
from questionnaires sent out to the patients and/or tele-
phone interviews. The follow-up period ranged from 6 to
7 years (mean follow-up of 3.6 years). Data collection
focused on the etiology and site of stenosis, length/type of
resection, postoperative functional outcome and compli-
cations. In this study, there were 18 men and 8 women
aged between 16 to 75 years (mean 51±18 years, median
53.5 years). Seventeen patients (65%)were referred cases.
The stenosis involved the trachea in 20 patients, subglottis
in 1 patient, subglottis and trachea in 2 patients, glottis
and subglottis in 1 patient and the glottis, subglottis and
trachea in 2 patients. The etiology of the LTS was post-
intubation injury (20 patients), inﬁltration of trachea by
thyroid tumor (3 patients), seeding from a laryngeal tu-
mor at the site of tracheostoma (1 patient), idiopathic
progressive subglottic stenosis (1 patient) and external
laryngeal trauma (1 patient) (Fig. 1).
Nine of these 26 patients (34.6%) had some form of
prior treatment elsewhere, including laser surgery (2),
tracheoplasty (1), LTR (5) and tracheal resection and
LTR (1). Tracheostomy was present in 12 patients
(46%), and the 14 other patients (54%) had severe
dyspnea at rest before resection. Prior to surgery, 9 of
the 26 patients had a signiﬁcant restriction of vocal cord
movement with complete ﬁxation in 2 patients.
Operative technique
All patients underwent indirect laryngoscopy, direct
laryngotracheoscopy and suspended microlaryngos-
copy when needed before the surgical procedure. The
cricotracheal/tracheal resection was performed in a
similar fashion to the technique described by Grillo
and Pearson [32, 12]. We did not plicate the mem-
branous trachea to adapt it to the luminal diﬀerence in
diameter between the subglottis and trachea as pro-
posed by Pearson et al. [33]. Instead, the lumen was
made compatible by widening the cricoid plate poste-
riorly and by using an additional inferior midline
thyrotomy [25]. This additional subglottic enlargement
procedure was routinely done in children, but only in
some cases in adults [27]. The triangular defect was
then ﬁlled with a mucosa-lined cartilaginous wedge
from the ﬁrst normal tracheal ring below the resected
stenosis. Thyrohyoid release was performed in 13 pa-
tients (50%) to decrease the tension on the suture line.
Interrupted 4.0 Vicryl sutures were used for the pos-
terior anastomosis, with the knots tied inside the lu-
men. Two lateral 2.0 Vicryl sutures were placed at the
inferior and posterolateral edge of the cricoid plate to
secure the trachea in place and to release the tension
at the site of anastomosis. Fibrin glue was used in all
cases to seal the anastomotic site. For thyrotracheal
anastomosis, we used 2.0 Vicryl sutures with the knots
tied outside the lumen. In tracheal resection with end-
to-end anastomosis, we used 3.0 or 4.0 Vicryl for the
membranous part and 2.0 Vicryl for the cartilaginous
part.
Eighteen patients were extubated in the operating
room, and six patients were extubated during a period of
12 to 72 h, postoperatively. Two patients were decann-
ulated at 12 and 18 months, respectively. The criteria for
extubation were based on the patency of the airway,
bilateral recurrent laryngeal nerve function and absence
of laryngeal edema. All patients were admitted in the
surgical intensive care unit for at least 48 h postopera-
tively and were placed on antibiotics and anti-reﬂux
medication for a minimum of 10 days. We did not use a
chin-to-thorax suture to limit the extension of the neck
in the postoperative period.
Results
In this series, 20 patients underwent tracheal resection
and end- to-end anastomosis, and 5 patients had partial
cricotracheal resection and thyrotracheal anastomosis.
The length of resection varied from 1.5 to 6 cm, with a
median length of 3.4 cm (Fig. 2). Laryngotracheal
reconstruction was done for one patient because of
insuﬃcient length of the trachea due to prior resections.
Of the 12 patients (46%) who had prior tracheostomy,
the stoma was excised along with the primary procedure
in 10 patients (83%), and 2 patients needed a second
procedure before decannulation (12 and 18 months after
primary surgery). One patient in this series had a tra-
cheo-esophageal ﬁstula, which was successfully repaired
along with the resection-anastomosis. Additional laser
arytenoidectomy was done in two patients for
Fig. 1 The vast majority of stenoses were related to endotracheal
intubation (ETT) and sequelae of tracheotomy (TRACH)
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cricoarytenoid ankylosis at a later date. The recurrent
laryngeal nerves were not injured during surgery in 25
patients, but the nerve had to be sacriﬁced unilaterally in
one patient because of thyroid tumor inﬁltration. Path-
ological examination of the specimens in the tumor
group revealed papillary carcinoma in three and squa-
mous cell carcinoma (tracheal seeding by a laryngeal
tumor) in one. Margins were free of tumor in all these
cases.
There was no perioperative mortality in this series.
The immediate postoperative period was complicated by
pneumonia in three patients, which was treated with
antibiotics (Table 1). Mild cervical emphysema was
noticed in three patients, which was treated conserva-
tively in two patients, while the third patient required re-
intubation after 12 h. Subsequently, a silicone stent had
to be introduced and kept for 1 week with an uneventful
recovery. Follow-up endoscopic examinations done
routinely for all patients 1 week after surgery revealed
minimal granulations in three patients and were suc-
cessfully managed by endoscopic CO2 laser. This series
had one anastomotic dehiscence, which occurred
10 days after surgery. This patient, who was operated on
for a papillary carcinoma of the thyroid with tracheal
inﬁltration, needed a revision surgery. No patients had
major dysphagia or aspiration, though one patient
developed delayed upper esophageal sphincter spasm.
This was successfully managed by muscle re-education.
The outcome and main complications of this series are
compared with those of world leaders in this ﬁeld
(Table 2).
Long-term outcome
The long-term outcomes were classiﬁed into three
categories: excellent (patient completely free of symp-
toms), good (dyspneic only during exertion) and fail-
ure (restenosis). In the benign group, three patients
died of unrelated causes 5, 6 and 7 years after resec-
tion anastomosis, respectively. Among the surviving
patients in this group, 14 patients had an excellent
outcome, and 5 patients had a good outcome. No
restenosis was noted in the whole series (Fig. 3). The
patient in this series who had LTR was decannulated
1 year after surgery, but required multiple endoscopic
procedures for better results. He was living a fully
normal life at the 4-year follow-up, but complained of
mild stridor on exertion. Among the four patients in
the tumor group, one patient died of distant metas-
tasis. Of the three surviving patients, outcomes were
excellent in one and good in two patients, with no
evidence of recurrence at the anastomotic site (mean
follow-up: 2.7 years).
Discussion
Management of laryngotracheal stenosis (LTS) is a
challenging problem that demands a multidisciplinary
approach performed by surgical teams well trained in
this ﬁeld. The various forms of treatment described for
LTS include laser, repeated endoscopic dilatations,
cryosurgery, prolonged stenting, laryngotracheal recon-
struction and segmental resection with end-to-end
anastomosis. Procedures that do not remove the dis-
eased segment of the subglottis or trachea are associated
with variable outcomes. The ideal treatment option
should be individualized based on patient characteris-
tics, as each procedure has its own advantages and dis-
advantages [32]. However, cricotracheal/tracheal
resection remains the most successful treatment for LTS
[7, 16, 34] to date.
Table 1 Postoperative complications and their treatment
Complications No. Treatment
Pneumonia 3 Antibiotics
Granulations 3 Laser and mitomycin
Subcutaneous emphysema 3 Conservative (2),
silicone stent (1)
Dehiscence 1 Revision surgery
Delayed dysphagia 1 Re-education
Fig. 2 The resection length varied between 1.5 to 6 cm (mean
3.4 cm). Most patients had a resection between 2 and 4 cm
Table 2 Outcome and
complications: comparison with
the literature.RLN recurrent
laryngeal nerve; *the small
series of patients explains the
diﬀerences with other reports in
the literature
Type Present study* Pearson [34] Couraud [8] Grillo [14]
n =26 n =28 n =72 n =503
Success rate 100% 100% 93% 95%
Dehiscence, restenosis 4% 7% 7.5% 5%
RLN 0% 4% ? 5%
Death 0% 0% 2.7% 2.4%
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Principles of surgical management
Deﬁnitive laryngotracheal surgery should only be at-
tempted after edema and inﬂammation have subsided
for better anastomotic results. The principles of
resection and anastomosis include meticulous dissec-
tion, avoidance of excessive anastomotic tension and
preservation of tracheal blood supply and recurrent
laryngeal nerves. Cricotracheal/tracheal resection helps
in restoring a large lumen with a normal tracheal ring
and no disruption of the cartilaginous framework,
allowing full mucosal lining on both sides of the
anastomosis. The tracheal ring used for the anasto-
mosis should be normal and steady to prevent tra-
cheomalacia at the site of the anastomosis [26]. The
placement of stitches at the submucosal plane avoids
granulation tissue at the suture line. Suprahyoid re-
lease, as described by Montgomery [29], increases the
possibility of extended tracheal resection to almost half
the length of the adult trachea. The other technique of
laryngeal release, described by Dedo [9], involves cut-
ting of the thyrohyoid membrane. We have preferred
to utilize the latter technique in our resections and
end-to-end anastomoses. A comparison of these two
techniques by Kato et al. [19] showed that outcome
regarding swallowing was better with the Montgomery
technique. Contrary to the results of this study, our
results show that deglutition was not a problem for all
of the patients who underwent the Dedo technique.
We also did not routinely perform ‘‘release’’ proce-
dures in our patients, though this has been advocated
by Peskind et al. [35].
Comparison of thyrotracheal and cricotracheal
anastomosis by Laccourreye et al. showed increased
morbidity with thyrotracheal anastomosis [21]. This
was not evident in our data, with no signiﬁcant diﬀer-
ences in outcome between groups of adult patients with
thyrotracheal (n =5) and cricotracheal (n =10) anas-
tomosis. These data are conﬁrmed by our larger expe-
rience in 78 pediatric PCTR patients (unpublished
data). Similar to our results, Wolf et al. [42] have
shown that the outcome in these groups is similar when
the glottis is normal. In speciﬁc situations such as
involvement of the intrinsic larynx, ancillary procedures
might be indicated. These may be done combined with
the primary resection or as a second procedure [28].
Prolonged intubation is known to cause chondritis of
the arytenoid cartilage, interarytenoid scarring and
subsequent cricoarytenoid ﬁxation [38]. This problem is
not always easy to diﬀerentiate from recurrent lar-
yngeal nerve paralysis preoperatively [4] and may
necessitate a second surgery. Two patients in our series
underwent laser arytenoidectomy at a later date for
bilateral cricoarytenoid ankylosis. The management of
this problem depends to a large extent on the surgeon’s
experience with endoscopic laser treatments.
Most LTS series include a signiﬁcant proportion of
salvage surgeries as a result of single/multiple proce-
dures for stenosis done in smaller centers before
referral to multidisciplinary centers. In our series, 35%
of the patients had had one or more surgeries before
referral. It is a well-accepted fact that management of
recurrent stenosis becomes more complex after previ-
ous surgical procedures. In our series, six of the eight
patients (75%) undergoing salvage surgery needed
laryngeal release procedures; this was higher than in
the group that underwent primary surgery. However,
the ﬁnal functional outcome of this diﬃcult group was
similar to the results of the primary surgery group in
our series. This has also been the experience with
other large series reported in the literature [43, 10].
Despite the good outcome of the salvage surgery
group, the postoperative course of two of these pa-
tients was prolonged, and decannulation could only be
achieved after 12 and 18 months following a second
procedure.
Fig. 3 Preoperative and postoperative views of a grade IV
subglottic stenosis secondary to external laryngeal trauma in a
28-year-old man. A Complete obstruction of the subglottis,
reaching the under surface of the vocal cords. B Postoperative
results at 2.5 months after PCTR: patent subglottic lumen with
slight residual distortion of the posterior laryngeal commissure
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Complications and outcome
Themajor complication that occurred in our series was an
anastomotic dehiscence for one patient (4% of the series).
This patient had undergone resection of 3 cm of trachea
(the mean resection length in our series was 3.4 cm).
Dehiscence is usually attributed to excessive tension at the
anastomotic site or to an infected airway at the time of
surgery. No speciﬁc factor in the surgical technique or
postoperative management of this patient could be iden-
tiﬁed as contributing to the dehiscence. The rate of
dehiscence (4%) in our series is similar to that reported in
the literature, which ranges between 5 and 7.5% [6, 16]. In
a review of complications of 416 primary tracheal sur-
geries (including 279 post intubation lesions), suture line
granulation was found to decrease markedly with the use
of absorbable Vicryl sutures [14]. In our study, only three
patients were found to have granulations, which were
treated with endoscopic CO2 laser ablation and mitomy-
cin-C application. The low rate of granulations in our
series is a result of using absorbable sutures that were
placed in the submucosal plane.
A study of 35 patients with chronic tracheal stenosis
(thyroid tumor invasion, 18 patients; prolonged
intubation/trauma, 17 patients) revealed a successful
outcome for all patients after segmental resection with
end-to-end anastomosis [19]. In a study comparing pri-
mary and revised procedures for segmental resection and
anastomosis of LTS, Wolf et al. [42] showed a decann-
ulation rate of 95.6%, with no major diﬀerences in the
two subgroups studied. Similar excellent results were
documented in the series of Macchiarini et al. (93% of
45 patients with CTR) and Rea et al. (95% of 65 patients
with tracheal resection) [22, 36]. Contrary to these re-
sults of resection with anastomosis, laryngotracheal
reconstructions (LTR) have not been as successful
especially in grade III and IV subglottic stenoses
according to the Myer and Cotton classiﬁcation [30]. In
a group of 15 patients described by Rhee et al. who
underwent a single stage LTR, decannulation was pos-
sible in 14, and one patient died in the peri-operative
period [37]. However, most of these patients needed 1 to
15 additional surgeries before decannulation could be
achieved. In our series of 25 patients with cricotracheal
or tracheal resection, 21 surviving patients live without a
tracheostomy, and none of the patients has developed
restenosis. The only patient who had an LTR (due to an
insuﬃcient length of trachea due to prior resections)
needed multiple interventional endoscopies before suc-
cessful decannulation. Overall, the excellent result of
resection and primary anastomosis makes it more
eﬀective and reliable in managing LTS.
Post-intubation stenosis
Post intubation injury (prolonged endotracheal tube/
tracheostomy) was the predominant cause of LTS (20 of
26 patients) in our series. Inﬂammation of the mucosa,
submucosa and cartilage of the subglottis and trachea
leads to thickening and scarring of the epithelium and
submucosa, resulting in stenosis [31]. The use of low
pressure, large volume cuﬀs has been noted to reduce the
incidence of LTS [13]. The incidence of subglottic ste-
nosis in intubated neonates has been reported to be 0–
2% and found to have decreased compared to previous
years [41]. Zietek et al. [44] have reported on 36 cases of
stenosis comprising 14 of the larynx and 22 of the tra-
chea with prolonged intubation as the cause of stenosis
in 47% and tracheostomy in 36% of cases.
In one patient of our series, the stenosis was sec-
ondary to a percutaneous dilatational tracheostomy
(PDT). Klussmann et al. [20]. reported a case of com-
plete stenosis of the trachea following a second PDT in
one patient. Incidence of tracheal stenosis secondary to
PDT ranges from 0 to 5% in the few studies reported in
the literature [5, 24]. Briche et al. have reported two
cases of tracheal stenosis secondary to PDT [3], which
was treated by resection anastomosis and endoluminal
conformer, respectively. The patient in our series with
tracheal stenosis secondary to PDT was eﬀectively
managed with segmental resection and cricotracheal
anastomosis.
Idiopathic progressive subglottic stenosis
Our series also included a 54-year-old male patient with
idiopathic progressive subglottic stenosis (IPSS). The
diagnosis was made after excluding causes of stenosis
such as infection, inﬂammation, trauma, gastroesopha-
geal reﬂux disease, relapsing polychondritis or Wegner’s
granulomatosis. The site of stenosis was at the level of
the upper trachea and measured 2 cm. This patient was
treated successfully with resection and end-to- end
anastomosis after failed prior attempts at laser resection
at another center. Grillo et al. have reported single-stage
resection and anastomosis in 39 patients with IPSS, with
good results in 32 patients [15]. The use of laser in the
management of IPSS has also been reported by Benja-
min et al. [1]. Based on an analysis of 30 patients with
IPSS, Giudice et al. have suggested that open neck
surgery should be considered only if endoscopic laser
resection and dilatation fails [11]. The chances of failure
of endoscopic laser treatment in the management of
IPSS are known to be associated with thicker stenosis
[40]. Though thinner stenosis responds well to laser
resection, repeated laser treatment for larger lesions can
increase the extent of injury with restenosis in most of
the patients. Our patient with IPSS had an excellent
outcome with resection anastomosis with no restenosis
(follow-up period: 6 months).
Tumors inﬁltrating the trachea
This series also included three patients with thyroid
carcinoma and one patient with seeding of a laryngeal
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cancer at the tracheostoma site (10 months after partial
laryngectomy). All of them presented with stridor and
hemoptysis and underwent resection and primary anas-
tomosis. The earlier treatment of ‘‘shaving’’ the tumor
oﬀ the trachea is associated with high recurrence rates.
Ishihara et al. [18] have documented that the survival
rate of patients treated by complete resection are better
than those treated by inadequate tumor resections. Yang
et al. [43] have reported resection management in eight
patients with thyroid cancer inﬁltrating the trachea, with
no evidence of disease in ﬁve patients with a mean fol-
low-up of 91 months. Good results have also been
shown by Hammoud et al. [17], who have suggested that
tracheal resection and reconstruction should be consid-
ered for thyroid tumors with airway involvement, which
might provide long-term palliation or cure in most pa-
tients. All of the tumor patients in our series had an
immediate disappearance of symptoms of obstruction
after surgery. Margins were free of tumor in all cases.
One patient died after 6 months because of distant
metastasis, and the other three are asymptomatic after a
mean follow-up period of 2.7 years. We believe that for
malignant stenotic lesions, radical resection procedures
should be the treatment of choice, when technically
feasible.
External laryngeal trauma
Blunt trauma to the larynx requires early diagnosis and
treatment to avoid acute complications and long-term
sequelae. The one patient in our series who developed
subglottic stenosis secondary to direct laryngeal trauma
presented to us 4 years after the injury. Despite 14
interventions at multiple centers, decannulation could
not be achieved. Following PCTR with primary resec-
tion of the tracheostoma at our center, a satisfactory
lumen could be achieved, which allowed extubation
(Fig. 3). At the follow-up evaluation 2 years after sur-
gery, the patient only had slight dyspnea on exertion.
Other clinical case series have stressed the importance of
early intervention to avoid the complications and pro-
gression to LTS in external laryngeal trauma [2, 39]. The
treatment of choice for established stenosis will be a
PCTR or tracheal resection and primary anastomosis
similar to post-intubation stenosis. The use of the laser
should be restricted to a non-circular scar or an aryte-
noidectomy for vocal cord paralysis or cricoarytenoid
joint ankylosis. The outcome of laryngeal trauma to a
large extent depends on the severity of the initial injury
and the timing and quality of the primary treatment.
Recent improvements in management have allowed im-
proved outcome, even in severe injuries.
Conclusion
The excellent functional results of cricotracheal/tracheal
resection and primary anastomosis in our series dem-
onstrate the eﬃcacy and reliability of this approach to-
wards the management of laryngotracheal stenosis of
varied etiologies. Similar to data reported in the litera-
ture, post-intubation injury was the leading cause of
stenosis in our series. A resection length of up to 6 cm
with laryngeal release procedures (when necessary) was
found to be technically feasible. The functional results of
patients undergoing salvage surgery were as good as
those after primary surgery in our series; however, the
surgery and the postoperative clinical course were more
complex in the salvage surgery group. This underlines
the importance of oﬀering the ideal surgical treatment at
the ﬁrst instance. The choice of the treatment option for
a particular patient should be carefully made based on
the severity and extent of stenosis.
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